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TOUCH PANEL 
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BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a carbon nanotube 
based touch panel. 
[0004] 2. Discussion of RelatedArt 
[0005] Following the advancement in recent years of vari 
ous electronic apparatuses, such as mobile phones, car navi 
gation systems and the like toWard high performance and 
diversi?cation, there has been continuous growth in the num 
ber of electronic apparatuses equipped With optically trans 
parent touch panels at the front of their respective display 
devices (e.g., a display such as a liquid crystal panel). A user 
of any such electronic apparatus operates it by pressing or 
touching the touch panel With a ?nger, a pen, a stylus, or a like 
tool While visually observing the display device through the 
touch panel. Therefore, a demand exists for touch panels that 
are superior in visibility and reliable in operation. 
[0006] At present, different types of touch panels, includ 
ing a resistance-type, a capacitance-type, an infrared-type, 
and a surface sound Wave-type, have been developed. Capaci 
tance-type touch panels have several advantages, such as high 
accuracy and strong anti-j amming ability, and thus have been 
Widely used. 
[0007] Referring to FIGS. 5-7, a conventional capacitance 
type touch panel, according to the prior art, includes a planar 
substrate 1 0, a transparent conductive layer 1 formed thereon, 
four metal electrodes 2a, 2b, 2c, 2d located on comers of the 
substrate 10 to form an equipotential surface. When a surface 
of the touch panel is touched by some object, such as a hand 
or touch pen, a coupling capacitance is formed betWeen the 
object and the transparent conductive layer 1. The current 
then ?oWs from the metal electrodes 2a, 2b, 2c, 2d to the 
touching point, to con?rm the position of the touching point 
via calculating the ratio and the intensity of the current 
through the electrodes 2a, 2b, 2c, 2d. 
[0008] Generally, the transparent conductive layer 1 is an 
indium tin oxide (ITO) layer. HoWever, the optically trans 
parent conductive layer (e. g., ITO layer) is generally formed 
by means of ion-beam sputtering, and this method is rela 
tively complicated. Furthermore, the ITO layer has generally 
poor mechanical durability, loW chemical endurance and 
uneven resistance over an entire area of the touch panel. 
Additionally, the ITO layer has relatively loW transparency. 
All the above-mentioned problems of the ITO layer tend to 
yield a touch panel With loW sensitivity, accuracy, and bright 
ness. 

[0009] What is needed, therefore, is to provide a durable 
touch panel With relatively high sensitivity and precision. 

SUMMARY 

[0010] In one embodiment, a touch panel includes a sub 
strate, a transparent conductive layer and at least tWo separate 
electrodes. The substrate has a ?rst substrate surface and a 
second substrate surface opposite to the ?rst substrate sur 
face. The transparent conductive layer includes a carbon 
nanotube structure formed on the ?rst substrate surface. The 
at least tWo separate electrodes are located on a surface of the 
transparent conductive layer and electrically connected 
thereto. 
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[0011] Other advantages and novel features of the present 
touch panel Will become more apparent from the following 
detailed description of exemplary embodiments, When taken 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Many aspects of the present touch panel can be 
better understood With reference to the folloWing draWings. 
The components in the draWings are not necessarily to scale, 
the emphasis instead being placed upon clearly illustrating 
the principles of the present touch panel. 
[0013] FIG. 1 is a top plan vieW ofa touch panel in accor 
dance With a present embodiment. 
[0014] FIG. 2 is a cross-sectional schematic vieW of the 
touch panel of FIG. 4 along a line of V-V'. 
[0015] FIG. 3 shoWs a Scanning Electron Microscope 
(SEM) image of a carbon nanotube ?lm used in the touch 
panel of FIG. 1. 
[0016] FIG. 4 is a structural schematic of a carbon nanotube 
segment. 
[0017] FIG. 5 is a schematic vieW of a conventional touch 
panel according to the prior art. 
[0018] FIG. 6 is a top plan vieW of the touch panel of FIG. 
5 
[0019] FIG. 7 is a cross-sectional schematic vieW of the 
touch panel of FIG. 6 along a line of VII-VII. 
[0020] Corresponding reference characters indicate corre 
sponding parts throughout the several vieWs. The exempli? 
cations set out herein illustrate at least one embodiment of the 
present touch panel, in at least one form, and such exempli 
?cations are not to be construed as limiting the scope of the 
invention in any manner. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0021] Reference Will noW be made to the draWings to 
describe, in detail, embodiments of the present touch panel. 
[0022] Referring to FIG. 1 and FIG. 2, a touch panel 100 
includes a substrate 20, a transparent conductive layer 40, a 
hardening layer 60, and at least tWo metal electrodes. 
[0023] The substrate 20 has a ?rst substrate surface and a 
second substrate surface opposite to the ?rst substrate sur 
face. The substrate 20 is transparent and the surfaces thereof 
are curved or planar. In the present embodiment, the material 
of the substrate 20 is glass. The transparent conductive layer 
is a carbon nanotube structure 40, and is formed on the ?rst 
substrate surface. The at least tWo electrodes are formed of 
foil or conductive metal plating ?lm With loW-resistance, e.g., 
silver plating ?lm or copper plating ?lm. In the present 
embodiment, the touch panel 100 has four metal electrodes 
80a, 80b, 80c, 80d. The metal electrodes 80a, 80b, 80c, 80d 
are located, separately, on the comers of a surface of the 
carbon nanotube structure 40. The metal electrodes 80a, 80b, 
80c, 80d can be deposited on the comers of the carbon nano 
tube structure 40 by means of sputtering, electro-plating, or 
chemical plating. Alternatively, conductive adhesive, e.g., sil 
ver glue, can be used to adhere the metal electrodes 80a, 80b, 
80c, 80d to the carbon nanotube structure 40. The metal 
electrodes 80a, 80b, 80c, 80d are electrically connected to the 
carbon nanotube structure 40. 

[0024] It is noted that any other bonding Ways can be 
adopted as long as the metal electrodes 80a, 80b, 80c, 80d can 
be electrically connected to the carbon nanotube structure 40. 
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It can be understood that the metal electrodes 80a, 80b, 80c, 
80d can be located on the ?rst substrate surface, and being 
electrically connected to the carbon nanotube structure 40 via 
a circuit. 

[0025] The carbon nanotube structure 40 includes at least 
one layer of carbon nanotube ?lm, and can be a multi-layer 
carbon nanotube ?lm formed by a plurality of coplanar or 
stacked carbon nanotube ?lms. The number of the layers and 
the angle betWeen the aligned directions of tWo adjacent 
layers may be set as desired. The adjacent layers of the carbon 
nanotube ?lm are combined by van de Waals attractive force 
to form a stable multi-layer ?lm. Referring to FIGS. 3 and 4, 
each carbon nanotube ?lm comprises a plurality of succes 
sively oriented carbon nanotube segments 143 joined end-to 
end by van der Waals attractive force therebetWeen. Each 
carbon nanotube segment 143 includes a plurality of carbon 
nanotubes 145 parallel to each other, and combined by van 
der Waals attractive force therebetWeen. The carbon nanotube 
segments 143 can vary in Width, thickness, uniformity and 
shape. The carbon nanotubes 145 in the carbon nanotube ?lm 
143 are also oriented along a preferred orientation. Lengths of 
the carbon nanotube segments are generally equal. In the 
present embodiment, the carbon nanotube structure includes 
one carbon nanotube ?lm. 

[0026] A hardening layer 60 is located on the carbon nano 
tube structure 40 With metal electrodes thereon. The harden 
ing layer 60 can be a polyester ?lm or a silicon dioxide layer. 
The hardening layer 60 can enhance the durability and touch 
ing properties of the touch panel 100. In the present embodi 
ment, the hardening layer 60 is a silicon dioxide layer and the 
hardness thereof is 7H (HRC). A thickness of the hardening 
layer 60 can be adjusted depending on actual applications. 
The hardening layer 60 is, directly, adhered to the carbon 
nanotube structure 40 via an adhesive. Alternatively, the hard 
ening layer 60 can be directly adhered to the carbon nanotube 
structure 40 Without the use of an adhesive. 

[0027] The touch panel 100 can further include a shielding 
layer comprising of a second carbon nanotube ?lm formed on 
the second substrate surface (i.e., the substrate 20 has tWo 
carbon nanotube ?lms symmetrically arranged on the tWo 
opposite surfaces thereof). The tWo carbon nanotube ?lms 
may have a same structure. The shielding layer is connected 
to the ground and plays a role of shielding, and thus enables 
the touch panel 100 to operate Without interference, such as 
electromagnetic interference. 
[0028] A method for making the carbon nanotube ?lm 
includes the steps of: (a) providing an array of carbon nano 
tubes, or, providing a super-aligned array of carbon nano 
tubes; (b) pulling out a carbon nanotube ?lm from the array of 
carbon nanotubes, by using a tool (e.g., adhesive tape, pliers, 
tWeeZers, or another tool alloWing multiple carbon nanotubes 
to be gripped and pulled simultaneously). 
[0029] In step (a), a given super-aligned array of carbon 
nanotubes can be formed by the substeps of: (a1) providing a 
substantially ?at and smooth substrate; (a2) forming a cata 
lyst layer on the substrate; (a3) annealing the substrate With 
the catalyst layer in air at a temperature in an approximate 
range from 700° C. to 900° C. for about 30 to 90 minutes; (a4) 
heating the substrate With the catalyst layer to a temperature 
in the approximate range from 500° C. to 740° C. in a furnace 
With a protective gas therein; and (a5) supplying a carbon 
source gas to the furnace for about 5 to 30 minutes and 
groWing the super-aligned array of carbon nanotubes on the 
substrate. 
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[0030] In step (al), the substrate can be a P-type silicon 
Wafer, an N-type silicon Wafer, or a silicon Wafer With a ?lm 
of silicon dioxide thereon. A 4-inch P-type silicon Wafer is 
used as the substrate in the present embodiment. 
[0031] In step (a2), the catalyst can be made of iron (Fe), 
cobalt (Co), nickel (Ni), or any alloy thereof. 
[0032] In step (a4), the protective gas can, bene?cially, be 
made up of at least one of nitrogen (N 2), ammonia (N H3), and 
a noble gas. In step (a5), the carbon source gas can be a 
hydrocarbon gas, such as ethylene (C2H4), methane (CH4), 
acetylene (C2H2), ethane (C2H6), or any combination thereof. 
[0033] The super-aligned array of carbon nanotubes can, 
opportunely, have a height of about 50 microns to 5 millime 
ters and include a plurality of carbon nanotubes 145 parallel 
to each other and approximately perpendicular to the sub 
strate. The carbon nanotubes 145 in the array of carbon nano 
tubes can be multi-Walled carbon nanotubes, double-Walled 
carbon nanotubes or single-Walled carbon nanotubes. Diam 
eters of the single-Walled carbon nanotubes approximately 
range from 0.5 to 50 nanometers. Diameters of the double 
Walled carbon nanotubes approximately range from 1 to 50 
nanometers. Diameters of the multi-Walled carbon nanotubes 
approximately range from 1.5 to 50 nanometers. 
[0034] The super-aligned array of carbon nanotubes 
formed under the above conditions is essentially free of impu 
rities such as carbonaceous or residual catalyst particles. The 
carbon nanotubes 145 in the super-aligned array are closely 
packed together by van der Waals attractive force therebe 
tWeen. 

[0035] In step (b), the carbon nanotube ?lm can be formed 
by the substeps of: (bl) selecting one or more carbon nano 
tubes having a predetermined Width from the array of carbon 
nanotubes; and (b2) pulling the carbon nanotubes to form 
nanotube segments 143 at an even/uniform speed to achieve a 
uniform carbon nanotube ?lm. 
[0036] In step (bl), quite usefully, the carbon nanotube 
segment 143 includes a plurality of carbon nanotubes 145 
parallel to each other. The carbon nanotube segments 143 can 
be selected by using an adhesive tape as the tool to contact the 
super-aligned array of carbon nanotubes. In step (b2), the 
pulling direction is substantially perpendicular to the groWing 
direction of the super-aligned array of carbon nanotubes. 
[0037] More speci?cally, during the pulling process, as the 
initial carbon nanotube segments 143 are draWn out, other 
carbon nanotube segments 143 are also draWn out end to end 
due to van der Waals attractive force betWeen ends of adjacent 
carbon nanotube segments 143. This process of draWing 
ensures a substantially continuous and uniform carbon nano 
tube ?lm can be formed. 

[0038] The carbon nanotube ?lm includes a plurality of 
carbon nanotube segments 143. The carbon nanotubes 145 in 
the carbon nanotube ?lm are all substantially parallel to the 
pulling/drawing direction of the carbon nanotube ?lm, and 
the carbon nanotube ?lm produced in such manner can be 
selectively formed having a predetermined Width. The carbon 
nanotube ?lm formed by the pulling/draWing method has 
superior uniformity of thickness and conductivity over a dis 
ordered carbon nanotube ?lm. Further, the pulling/draWing 
method is simple, fast, and suitable for industrial applica 
tions. 
[0039] The Width of the carbon nanotube ?lm depends on a 
siZe of the carbon nanotube array. The length of the carbon 
nanotube ?lm can be arbitrarily set, as desired. In one useful 
embodiment, When the substrate is a 4 inch type Wafer as in 
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the present embodiment, the Width of the carbon nanotube 
?lm is in an approximate range from 0.5 nanometers to 10 
centimeters and the thickness of the carbon nanotube ?lm is in 
the approximate range from 0.5 nanometers to 100 microme 
ters. The carbon nanotubes in the carbon nanotube ?lm can be 
selected from a group consisting of single-Walled carbon 
nanotubes, double-Walled carbon nanotubes, and multi-layer 
carbon nanotubes. Diameters of the single-Walled carbon 
nanotubes approximately range from 0.5 to 50 nanometers. 
Diameters of the double-Walled carbon nanotubes approxi 
mately range from 1 to 50 nanometers. Diameters of the 
multi-Walled carbon nanotubes approximately range from 1 .5 
to 50 nanometers. 

[0040] It is noted that because the carbon nanotubes in the 
super-aligned carbon nanotube array have a high purity and a 
high speci?c surface area, the carbon nanotube ?lm is adher 
ent in nature. As such, the ?rst carbon nanotube ?lm can be 
adhered directly to a surface of the substrate 20. In the alter 
native, other bonding means can be applied. 
[0041] The carbon nanotube ?lm, once adhered to a surface 
of the substrate 20 can be treated With an organic solvent. The 
carbon nanotube ?lm can be treated by using organic solvent 
to soak the entire surface of the carbon nanotube ?lm. The 
organic solvent is volatiliZable and can, suitably, be selected 
from the group consisting of ethanol, methanol, acetone, 
dichloroethane, chloroform, and combinations thereof. In the 
present embodiment, the organic solvent is ethanol. After 
being soaked by the organic solvent, microscopically, carbon 
nanotube strings Will be formed by adjacent carbon nano 
tubes in the carbon nanotube ?lm, that are able to do so, 
bundling together, due to the surface tension of the organic 
solvent. In one aspect, part of the carbon nanotubes in the 
untreated carbon nanotube ?lm that are not adhered on the 
substrate Will adhere on the substrate 20 after the organic 
solvent treatment due to the surface tension of the organic 
solvent. Then the contacting area of the carbon nanotube ?lm 
With the substrate Will increase, and thus, the carbon nanotube 
?lm can more ?rmly adhere to the surface of the substrate 20. 
In another aspect, due to the decrease of the speci?c surface 
area via bundling, the mechanical strength and toughness of 
the carbon nanotube ?lm are increased and the coef?cient of 
friction of the carbon nanotube ?lms is reduced. Macroscopi 
cally, the ?lm Will be an approximately uniform carbon nano 
tube ?lm. 

[0042] In operation, a voltage is applied to the carbon nano 
tube structure via metal electrodes 80a, 80b, 80c, 80d to form 
an equipotential surface. When the surface of the touch panel 
is contacted via hands or touch pens, a coupling capacitance 
is formed betWeen the touching material and the transparent 
conductive layer 1. The current then ?oWs from the metal 
electrodes 80a, 80b, 80c, 80d to the touching point. The 
position of the touching point is con?rmed via calculating the 
ratio and the intensity of the current through the electrodes. 
[0043] Compared to the conventional touch panel, the 
touch panel in the described embodiments comprises the 
folloWing virtues. Firstly, since the carbon nanotube ?lm has 
high mechanical strength and toughness, the transparent con 
ductive layer adopting the carbon nanotube ?lm acquires 
enhanced durability. Secondly, on account of the carbon 
nanotube ?lm having a uniform structure, the transparent 
conductive layer adopting the carbon nanotube ?lm has a 
uniform resistance distribution, and thus increases the sensi 
tivity and precision of the touch panel. 
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[0044] Finally, it is to be understood that the above-de 
scribed embodiments are intended to illustrate rather than 
limit the invention. Variations may be made to the embodi 
ments Without departing from the spirit of the invention as 
claimed. The above-described embodiments illustrate the 
scope of the invention but do not restrict the scope of the 
invention. 
What is claimed is: 
1. A touch panel, comprising: 
a substrate having a ?rst substrate surface and a second 

substrate surface opposite to the ?rst substrate surface; 
a transparent conductive layer comprising a carbon nano 

tube structure formed on the ?rst substrate surface; and 
at least tWo separate electrodes located on the surface of the 

transparent conductive layer and electrically connected 
to the transparent conductive layer. 

2. The touch panel as claimed in claim 1, Wherein carbon 
nanotubes in the carbon nanotube structure are aligned With 
each other. 

3. The touch panel as claimed in claim 2, Wherein the 
carbon nanotube structure comprises at least tWo layers of 
carbon nanotube ?lms. 

4. The touch panel as claimed in claim 3, Wherein each 
layer of carbon nanotube ?lm comprise a plurality of coplanar 
carbon nanotube ?lms. 

5. The touch panel as claimed in claim 3, Wherein align 
ment of the carbon nanotubes betWeen adjacent layers of 
carbon nanotube ?lms is parallel or perpendicular. 

6. The touch panel as claimed in claim 3, Wherein each 
carbon nanotube ?lm comprises a plurality of carbon nano 
tube segments arranged in a preferred orientation. 
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7. The touch panel as claimed in claim 6, Wherein a plural 
ity of the carbon nanotube segments combine end to end by 
van de Waals attractive force to form a successive carbon 
nanotube segments. 

8. The touch panel as claimed in claim 1, Wherein a thick 
ness of the carbon nanotube structure approximately ranges 
from 0.01 microns to 100 microns. 

9. The touch panel as claimed in claim 1, Wherein the at 
least tWo metal electrodes are formed of copper plating ?lms, 
silver plating ?lms, or foils. 

10. The touch panel as claimed in claim 1, further compris 
ing a hardening layer located on a surface of the carbon 
nanotube structure. 

11. The touch panel as claimed in claim 10, Wherein the 
hardening layer is a polyester ?lm or a silicon dioxide layer. 

12. The touch panel as claimed in claim 1, Wherein a 
surface of the touch panel is planar or curved. 

13. The touch panel as claimed in claim 1, further compris 
ing a carbon nanotube ?lm located on the second substrate 
surface. 

14. The touch panel as claimed in claim 1, Wherein a 
conductive adhesive is used to adhere the metal electrodes to 
the carbon nanotube structure, and the metal electrodes are 
electrically connected to the carbon nanotube structure. 

15. The touch panel as claimed in claim 14, Wherein the 
conductive adhesive is silver glue. 

16. The touch panel as claimed in claim 1, Wherein the 
material of the substrate is glass. 

* * * * * 


